Abstract The authors hypothesized that prospective, systematic Internet searches could identify occurrences of sudden cardiac death (SCD) in athletes and would be useful for establishing a system of active surveillance. Weekly advanced Google searches of the Internet were conducted for cases of SCD in young athletes during a 12-month period (2007)(2008). Athletes ages 11-30 years who collapsed during a game, practice, or within an hour of exercise were included in the study. Individuals with known histories of cardiac issues and events occurring outside the United States were excluded. Verification of SCD was by autopsy reports and death certificates from county coroner offices and vital record agencies. Initially, 71 events were identified. Verification for the cause of death by coroner reports was possible in 45 cases, 43 (96 %) of which were confirmed to be SCDs. A total of 69 individuals 11-30 years of age (mean 17 ± 5 years) died suddenly of cardiovascular causes while participating in 15 different organized sports and a variety of nonorganized physical activities. The most common cause of death was hypertrophic cardiomyopathy (30 %), followed by coronary artery anomalies (9 %), and myocarditis (9 %). The incidence of athlete SCD, the types of sports involved, and the cardiac causes of death in our study were comparable with those of previous reports. Readily available Internet searches have the potential to be a powerful tool for identifying occurrences of athlete SCD. An active surveillance system using Google searches followed by coroner report verification can provide important epidemiologic and clinical information.
The vast majority of nontraumatic sports-related sudden deaths among youth can be attributed to underlying cardiovascular pathology, which often is congenital but undiagnosed [3, 8] . With no systematic and mandatory reporting of sudden cardiac deaths (SCDs) of young athletes in the United States, the exact incidence is unknown, and the epidemiology data come mostly from fragmentary sources. In a Minnesota study of 1.4 million student athletes during a 12-year period, the incidence of SCD was 1 in 200,000 per year [10] .
The precise frequency of SCD in young athletes remains unresolved [8, 11] . It is estimated that approximately 50-100 SCD cases may occur each year in the United States due to athletic participation [1, 12] .
Event-based biosurveillance has been used extensively for the monitoring and early detection of infectious disease outbreaks [7, 13] . Given that athlete SCD events often are highly publicized and appear in various forms on the Internet, we hypothesize that SCD occurrences could be identified through periodic, systematic Internet searches. Once possible events are identified, verification can be done through coroner reports or death certificates, which are publicly available in many states.
In this study, we examined the utility of Internet searching for actively ascertaining relevant SCD events reported on the Internet and in the process developed a system for active surveillance of these rare events.
Methods

Internet Searches for Athlete SCD
This study was approved by the Institutional Review Board. Advanced Google searches for SCD events in young athletes were conducted every Friday from April 2007 to March 2008. The searches were conducted by manually typing the keywords into a Google search. Different combinations of keywords were used to conduct the searches ( Table 1) .
The inclusion criteria for SCD events were collapse of the athlete during a game, during practice, or immediately afterward (i.e., within 1 h of engaging in exercise), SCD occurrence in the United States, age of 11-30 years, and SCD occurrence between 1 April 2007 and 31 March 2008. The exclusion criteria ruled out patients with a known history of cardiac disease; involvement of trauma, injury, or commotio cordis; SCD occurrence outside the United States; death during sleep; and possible drug or alcohol involvement.
The Google search results were listed in reverse chronologic order, with the most recent events on top. The results included Websites of newspapers (local, regional, or national) and TV stations, discussion forums, and blogs (not including Facebook or Twitter).
The first 200 search results were carefully examined by a pediatric cardiologist (R.K.C.) to identify events that could potentially represent a SCD. Once a SCD event was identified, a more detailed search of the specific event was conducted to gather additional information to determine whether the case should be included in the study based on the inclusion and exclusion criteria detailed earlier. Web pages of specific events that fulfilled the criteria were printed and saved. The data recorded and compiled for analysis were demographics, location of the event, and cause of death, if available.
In recording demographic information, whereas gender and age were always directly reported in the aforementioned sources, race and ethnic data were compiled using what was reported in the media and coroner's reports, as well as inferences from photographs of the athletes. After an SCD event had been identified and further documented as described earlier, repeated specific searches of the event were conducted 1 week and 3 months later to determine whether additional information had become available, such as a confirmed cause of death or autopsy findings. P value lower than 0.05 was considered statistically significant.
Results
Our initial Google searches identified 71 SCD events among individuals 11-30 years of age who died suddenly from unrecognized cardiovascular causes during the 12-month period from April 2007 through March 2008. We were able to retrieve 45 autopsy reports and/or death certificates (63 %). Based on information from autopsy reports and death certificates, two cases were excluded because it was determined that the deaths resulted from noncardiovascular abnormalities (i.e., heat stroke, brainstem lesion). Figure 1 summarizes the processes involved in case selection. The remaining 69 SCD cases were the focus of our analysis. In the initial and follow-up Google searches, the specific cardiovascular causes of death could be found on the Internet for 29 cases (42 %). The autopsy report or death certificate could be retrieved in 16 of these 29 cases to verify the accuracy of the cause for death reported on the Internet. Based on death certificates, autopsy reports, or both, 13 (81 %) of the 16 cases had the correct cause of death reported on the Internet, and the causes in remaining 3 cases were partly correct. These partly correct causes of death were for cases that had multiple causes of death listed in the autopsy report but only one cause of death reported on the Internet. By use of death certificates and autopsy reports (41 reported specific cardiovascular causes of death, 2 reported ''inconclusive'' causes of cardiac arrest) as well as information obtained via Google searches, specific cardiovascular causes of death could be determined in 54 (81 %) of the 69 cases. the time of death ranged from 11 to 30 years (mean 17 ± 4 years), with 48 cases (70 %) occurring at the age of 17 years or younger and 60 cases (87 %) occurring at the age of 20 years or younger. The mean age at death for male athletes was 18 ± 5 years compared with 14 ± 2 years for females (P \ 0.001). All female deaths occurred at the age of 18 years or younger (Fig. 2) .
The race/ethnic distribution of the athletes was 39 whites (56 %), 24 blacks (35 %), 3 Hispanics, 2 Asians, and 1 multiracial subject. The average age at death for the white athletes (18 ± 1 years) did not differ significantly from that for the nonwhite athletes (16 ± 0.7 years; P = 0.3).
Circumstance of SCD All 69 SCD cases involved individuals engaged in physical exertion at the time of the event. Among 52 (75 %) SCD events, 15 different sports were represented. The most frequently involved sports were basketball (n = 18, 34 %), football (n = 10, 19 %), track and field (n = 5, 10 %), soccer (n = 3, 6 %), marathon racing (n = 3, 6 %), and cross-country running (n = 3, 6 %). Of these 52 SCD events, 32 (62 %) took place during practice sessions, and 20 (38 %) occurred during competition. The remaining 17 SCD events (25 %) occurred during physical exertion but not during participation in organized sports. Most of these cases (n = 11, 64 %) occurred at the gym, and smaller numbers occurred during other physical training (n = 2, 12 %) or while the subject was running (n = 2, 12 %).
Sudden cardiac deaths related to organized sports tended to occur at older ages than those that did not involve sports (mean 18 ± 4 vs 14 ± 3 years; P \ 0.001). Of the cases not involving a sport, 35 % (6 SCDs) involved females compared with 15 % (8 cases) of sports-related events (P = 0.09). The race/ethnic distribution did not differ between those involved in a sport and those not involved in a sport when the SCD occurred (P = 0.73). The comparisons of SCDs that occurred in organized sports with those occurring outside organized sports are presented in Table 2 .
Level of Athletic Participation
The 69 SCD cases described in this report represented athletic activity at all levels of participation. Almost half of all the cases (n = 33, 48 %) involved high school students, and of these, 29 (88 %) were in organized sports and 4 (12 %) were not. Another 15 (22 %) were middle-school students, most of whom were not in organized sports (n = 10, 67 %). There were 14 college students (20 %), only 1 (7 %) of whom was not taking part in an organized sport. We also found two individuals (3 %) who participated in professional sports and two (3 %) involved in amateur athletics (marathon and triathlon). Finally, there was one elementary school student (2 %) and one army recruit (2 %), neither in organized sports.
Location
Of the 69 SCD events, 45 (65 %) occurred at school. Of these 45 school events, 23 (51 %) took place in the track and field area, involving both individuals running the track and those using the field area. The remainder of the school events took place at the gym (n = 15, 33 %), a basketball court (4, 9 %), or another campus location (n = 3, 7 %). The remaining 24 SCD events (35 %) did not take place at a school but rather at various locations including outdoor running areas (n = 4, 17 %), gyms (n = 3, 13 %), basketball courts (n = 2, 8 %), and home (n = 2, 8 %). The states with the greatest numbers of SCD events were Texas (n = 6), California (n = 5), Tennessee (n = 5), Massachusetts (n = 5), and Florida (n = 5). Causes of Death A definitive cause of death was established for 54 of the 69 cases through autopsy reports, death certificates, and information found via Google search. Hypertrophic cardiomyopathy was the most common cause of death (n = 16, 30 %). Next were myocarditis (n = 5, 9 %), coronary artery anomalies (n = 5, 9 %), mitral valve prolapse (n = 4, 7 %), and probable dysrhythmia (n = 4, 7 %), indicated by lack of pathology at autopsy. Another seven cases (13 %) had more than one cardiac autopsy finding that could have contributed to sudden death. Table 3 compares the identified causes of death for all the SCD events and for the SCD events that occurred in organized sports.
Discussion
We used Internet searches of local news reports, special discussion forums, and blogs as a method for initial identification of SCD events among young athletes in the United States. After the initial identification, more information was obtained by focused searches and then confirmed by coroner reports and death certificates, which were available for approximately two-thirds of the cases.
Differences in state laws concerning public access to vital records were reasons behind the inability to retrieve coroner reports or death certificates for one-third of the cases. However, cardiovascular causes of death were available on the Internet for 42 % of the cases. Moreover, the causes of death as reported on the Internet were frequently accurate (80 %) or partly accurate (20 %).
The numbers of SCD events found by this method were very similar to the numbers in the report by Maron et al. [12] , which used a comprehensive, multisource approach, and consistent with the recent estimates by Bar-Cohen and Silka [1] . Therefore, we propose that developing an athlete SCD database by systematic Internet searches followed by coroner report or death certificate verification could provide a method for active surveillance of SCD events in young athletes.
Comparison of the Current Study with Published Data
The incidence rates for athlete SCD vary widely by studies and are dependent on the methodology and criteria used for data collection. Reported athlete SCD incidences range from 1:28,000 [2] to 1:300,000 [17] . In a study using a more comprehensive approach for data collection, Maron et al. [12] gathered SCD data from multiple sources including the LexisNexis archival informational database, news releases, Internet searches, and information submitted directly to their registry.
Although no ''gold standard'' exists that we could use as a benchmark, we compared our study with that of Maron et al. [12] to determine whether our methodology yielded results similar to the multisource approach that they used. Over a 26-year period (1980-2006), Maron et al. [12] recorded 1,866 sudden deaths of athletes, 1,049 of which had cardiovascular etiologies. Of these, 844 (80 %) occurred during physical exertion and 205 (20 %) during nonexertional events. For comparison with our results, we used the most recent year from the Maron et al. study [12] , which included 76 SCDs in [2005] [2006] , and estimated that 61 cases were exertional events (80 % of 76). It is important to note that we did not include nonexertional SCDs and sudden cardiac arrest (SCA) survivors, which respectively made up 80 and 5 % of the sample obtained in the Maron et al. [12] study. On the other hand, we included SCD events outside organized sports (17 SCDs during school physical education classes). The age range for our study was 11-30 years compared with ages up to 39 years in the Maron et al. [12] study.
Despite these differences, the numbers of athletes dying of SCDs during exertion per year and the types of sports involved were very similar between this study and the proposed Internet search methodology. Similar to the study of Maron et al. [12] , we also found hypertrophic cardiomyopathy to be the most common underlying cardiovascular disorder in sports-related SCDs, accounting for roughly one-third of the cases.
The approach of using Internet search for the surveillance of athlete SCDs has been used by Parent Heart Watch, a public charity incorporated in 2005 as a national network of parents, families, and partners dedicated to reducing SCA in youth. The Parent Heart Watch maintains an SCD/SCA database by weekly Internet searches with popular search engines such as Google and Yahoo. Whereas Parent Heart Watch has not published the details of its methodology used to build the SCD/SCA database or research findings from the database, Harmon et al. [6] cross-referenced the database with the National Collegiate Athletic Association (NCAA) database and concluded that 56 % of SCD cases among NCAA athletes were identified in public media reports. Our results could not be compared directly with the Parent Heart Watch database because the methods used for data collection and verification were quite different.
Prevention of SCDs in Athletes
Cases of SCD involving organized sports occurred primarily in high school and college, whereas cases outside organized sports occurred mainly in middle school and high school. Thus, the younger age for SCD cases outside organized sports is partly due to middle-school cases. Studies that do not include exertional SCD events outside organized sports may underestimate the incidence of SCDs in middle school, which may have fewer school-sanctioned sports.
Given that the mean age at death for female athletes was significantly younger than for male athletes, it is possible that studies not including exertional SCD events outside organized sports also would underestimate the prevalence of SCD among female athletes. This could potentially be explained by relatively less female sports participation at higher grade levels than that of their male counterparts.
Cardiopulmonary resuscitation (CPR) with automated external defibrillators (AEDs) has been shown to improve survival after SCA compared with CPR alone [5] . The key determinant of survival is the response time between arrest and defibrillation. Thus, schools are now advised to have AEDs that can be accessed within 5 min of an SCA. Many schools still do not have an AED [4] or trained personnel despite consensus on their importance [14] . The 65 % rate at which SCDs occurred at schools in our study is a reminder of the importance of AEDs in schools. These devices may be most needed in track and field areas, in gyms, and beside basketball courts, according to our findings.
Debate continues over electrocardiographic (ECG) screening for athletes [15] , with salient arguments for and against it [9, 16] . An active, ongoing surveillance system for athlete SCDs through Internet searches may be very helpful in identifying the demographic groups and types of sports associated with the highest risks for SCDs.
Study Limitations
The inclusion criteria used in our study could differ from criteria used by others. We excluded SCA survivors and SCDs that were nonexertional due to a previously known cardiac defect or commotio cordis. We included SCDs occurring outside organized sports because such events are as important as those related to organized sports. SCDs outside organized sports occur mostly in middle schools, a topic that has not been adequately investigated. Furthermore, in our study, we restricted the age range to 11-30 years, which might have missed some SCDs cases in very young children and older adults.
Due to sealed records laws in many of the states with SCD events, autopsy reports and death certificates could be obtained for only 62 % of the cases. States in which autopsy reports and death certificates could not be attained included Iowa, New York, South Carolina, Missouri, Mississippi, Oregon, Louisiana, New Hampshire, and the District of Columbia. Two additional cases occurred in states with open records laws but for which no autopsy record could be found. Overall, the cause of death was determined for 81 % of the SCD cases if the cause of death information from the Google search results is included.
Given the difficulty of attributing pathology seen at autopsy to the cause of death in some cases, reliance on postmortem diagnosis to determine the cause of death may be imprecise. This difficulty is reflected in the seven cases reported as having more than one cardiac cause of death in our series. In addition, dysrhythmias causing SCD often have few or no pathologic findings and are difficult to diagnose without prior clinical or ECG evidence. Thus, the assignment of dysrhythmia as the cause of death, as reported for four SCD cases in our series, would be a diagnosis made only when other conditions associated with SCD could be excluded at autopsy.
In the absence of mandatory SCD reporting in the United States, it is impossible to know whether systematic Internet searches or any other methodology reliant upon voluntary reporting of events can capture all SCD events to attain a comprehensive analysis of SCD. Notably, we did not include emerging social media at the time of data collection, such as Facebook and Twitter, which currently have become much more popular. We speculate that surveillance of athlete SCDs by using the Internet could become even more powerful with the use of social media.
Conclusions
In an initial attempt to determine whether a biosurveillance system could be applied to rare occurrences of SCD in athletes, we found that Internet searches followed by verification through coroner reports and death certificates can be very helpful. Whereas the current study used laborintensive manual searches, the system of standardized Internet searches can be automated once the methodology is further validated and refined. Considering the lack of mandatory SCD reporting, such a biosurveillance system has the potential to be an efficient and cost-effective tool for active surveillance of SCD among athletes in the United States. Given the continued controversy over mandatory ECG screening for athletes and recommendations for AEDs in public locations, an active biosurveillance system for athlete SCDs may be useful for developing and refining public health recommendations and policies.
